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MEASUREMENTS OF THE LONGITUDINAL STABILITY AND CONTROL AND SIXCLING 

CHARACTERISTICS OF A NORTH AMERICAN P-5lH AIRPLANE 

(AAF. NO. 4-64164) . 

By Christopher C. Ers.ft, Jr.+ and J. P. Reeder 

‘SUMMARY .- 

Flight tests have been made to determine the longitudinal stability 
and control and stalling characteristics of a North American P-51H air- 
plane. The results indicate that the airplane has satisfactory longitudi- 
nal stability in all the flight conditions tested at normal loadings up 
to 25,000 feet altitude. At Mach numbers above 0.7, the elevator push 
force required for longitudinal trim decreased somewhat because of com- 
pressibility effects. The elevator stick force per-g in accelerated 
turns at the forward center-of-gravity position of 24 percent mean aero- 
dynamic chord above 250 miles per hour was in excess of the required 
limits at both 5,000 and 25,OOO feet.altitude. The longitudinal-trim- 
force changes due to flap8 and power were small, but the rudder-trim- 
force change with power change was high. The stalling characteristics 
in all the conditions tested were satisfactory. 

INTRODUCTION 

At the request of the Air Materiel Commsnd, U. S. Air Force, flight 
tests have been trade to determine the flying qualities of a P-51H airplane 
(m&u? No. 4-64164). The results of the tests to determine the longitudinal ' 
stability and control and stalling characteristics are presented herein. 
Data on the lateral and directional stability and control have been 
presented in reference 1. 

DESCRIPTION OF AIRPLANE AND TESTS 

The P-5lH is a low-wing fighter airplane equipped with a 
Merlin V-1650-9 engine. The configuration used in making the 
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longitudifial-stability tests was the final production airplane which 
incorporated a T-inch fin extension, a ShOr&Span rudder with the travel 
limited to %5O, and a $- inch-chord extension strip added to the entire 
elevator trailing edge with the exception of the elevator tabs. Some 
initial tests were conducted without the elevator trailing-edge extension 
and with the original-vertical-tail configuration. The original vertical 
tail did not have the T-inch fin extension nor the short-span rudder, 
and the rudder travel was 230' (reference 1). A three-view drawing of 
the airplane is shown in figure 1 and photograph8 of the test airplane are 
shown in figures 2 to 5. Other pertlnent dimension8 of the airplane sre 
presented in table I. 

The airplane was tested with three different center-of-gravity 
positions; namely, 24, 26, and 30 percent of the mean aerodynamic chord. 
All of the center-of-ravity positions given in this paper are with the 
landing gear down. During all the tests, fuel was used from the wing 
tanks only. At the two aft center-of-gravity positions, the fuselage 
tanks were filled and Used as ballast. The rearward center-of-gravity 
position was obtained by adding 125 pounds of lead to the tail compart- 
ment of the airplane. This center-of-gravity position was aft of any 
normal loading of the airplane but was used to determine the Stability 
of the airplane more accurately. The normal center-of-gravity limit8 
were approximately.20 to 28 percent of the mean aerodynamic chord. The 
airplane weight varied from 7500 pound8 to 9800 pound8 during the tests. 

The physical characteristics of the airplane are shown in figures 6 
to 10. The vsriations of the rudder deflection with rudder-pedal positicn 
and the elevator and aileron deflection with stick position are Shown in 
figures 6 to 8. The friction in these various control systems is Shown 
in figure 9. The friction in all of the controls was small and well 
within the required limits 8pecSfied in reference 2. The stretch in 
each of the controls was measured and is presented in figure 10. These 
data showed the stretch in the aileron control system to be 2.5O per 
20 pounds of Stick force, the stretch in the elevator control system to 
be 1.2' per 20 pounds of control force, and the stretch in the rudder con- 
trol system to be 7.5' per 100 pound8 of rudder-pedal force. 

The airplane was tested in the following flight configuration8 at 
approximately 5000 feet altitude: 

1 
Condition Power 

. Power-on clean 46 inches ~g at 2700 rpm 
Power-off clean Engine idling 
Landing Engine idling 
Approach 23 inches Hg at 2700 rpm 
Wave-off 46 inches Hg at 2700 rpm 

Fiaps 

UP 
UP 

Down 
Down 
Down 

.-- - _.. I  _..  -1~.._ .  
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Test8 were also run at high altitude, approximately 25,000 feet, 
in the power-on clean and power-off clean conditions. 

All of the tests made were performed by the steady-record method 
with the exception of the stall-approach data. In the steady-record 
method, records are taken at different speeds or accelerations, as the 
case may be, when the airplane is in a steady condition; whereas in the 
continuous-record method, record8 are taken continuously as the Speed is 
varied slowly over a certain speed range. The continuous record8 are 
indicated by flagged symbol8 in this paper. 

.- INSTRUMEXJ!ATION 

Standard NACA photographically recording instruments were Used to 
measure the 'data presented in this paper along with the pilot's reading8 
of altitude, free-air temperature, and fuel-gage reading8 in the cockpit. 
A more Complete description of the instrumentation used is presented in 
reference 1. 

DI&USSfON AND l3EXXJLTS 

The following diSCUSSiOn of the results obtained from these tests 
is based on the flying-qualities requirements of reference 2. 

Longitudinal Stability and Control 

Dynamic longitudinal stability.- The dynamic longitudinal stability 
of the airplane was tested by trimming the airplane at a given Speed and 
in a particulsr configuration and abruptly deflecting and releasing the 
elevator. Typical time histories of this maneuver sre presented in 
figures 11 to 14. The airplane was tested in all thelflight configurations 
and it was found that the oscillation produced by this maneuver was com- 
pletely damped in l.cycle or less and that there was no oscillatjon of the 
elevator itself following its deflection. The airplane met the require- 
ments of reference 2 for this particular test. No unstable oscillations 
were experienced during any of the tests performed, which were limited to 
Mach number8 below 0.6. 

In flight-testing the first models of the P-51H airplane at 
t/right Field, several airplanes experienced violent longitudinal 
oscillations, termed "porpoising," at Mach numbers above approximately 0.6 
when the elevator was abruptly deflected. The T -Inch trailing+dge strips 
.on the elevator were added to cure this deficiency. No short-period- 
oscillation tests were made by the NACA in the Mach number range in which 
porpoising was encountered because of the danger of this maneuver. No 

---- -~-.-- ._ _. -._ _._ -_ - .-. _-. _. I . ._. ._._ __ _~ -___ 
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porpoising was experienced, however, in normal flight and dive8 up to a 
Mach number of 0.75 with the modified airplane. 

Static longitudinal stability.- The static-longitudinal-stability 
data measured in the various configurations are shown in figures 15 to 21. 
These data were obtained by trimming the airplane at a given speed for 
zero control force8 and flying the airplane through the speed range from 
the maximum Speed obtainable in the various configurations to the stalling 
Speed. The requirements state that the curves of elevator force and 
elevator position against airspeed shall have a stable slope at all normal 
center-of-gravity positions; that is, the stick-fixed and stick-free 
neutral points shall be aft of the most rearward center-of-gravity positicn 
of the airplane. 

The stick-free and stick-fixed neutral points were obtained by the 
method illustrated in figure 22. The elevator force divided by impact 
pressure Fe/q and elevator deflection 6, were plotted against airplsne 
normal-force coefficient CN. The slopes of these curve8 dFe/q and d6, dC 

N dCN 
were then plotted against center-of-gravity position. The center-of-gravity 
pOSitiOn at which dE',/q dC 

N 
and 2 are zero s.re the stick-free-and Stick- 

N 
fixed neutral points, respectively. In cases in which the longitudinal 
stability was large, the actual values of the neutral points obtained 
cannot be considered accurate because they were so far aft, of the center-&- 
gravity range tested. They do Show, however, the large degreg of stability 
that the airplane has. 

(1) Power-on clean condition: The data shown in figures 15 and 16 
indicate the airplane to be stable both Stick free and 8tlCk fixed, the 
neutral points being eft of the most rearward center-of gravity position. 
The push forces encountered at high Speed8 with a trim speed of 185 miles 
per hour were practically the limit of the pilot's strength, but had the 
airplane been trimmed at a higher speed, the forces experienced at high 
Speed would not have been as high. The effect of altitude on the longitud- 
inal stability was negligible. However, at high Speed8 and high altitudes 
where higher Mach number8 were obtained, compressibjlity effects caused 
a tendency for the push force to decrease. 'Isee fig. 16.) 

(2) Power-off clean condition (figs. 17 and 18): The airplane was 
stable both stick fixed and stick free in this condition at the two forward 
center-of--gravity positions and met the requirements of reference 2. How- 
ever, at the rearward center-of-gravity position tested, a slightly unstable 
elevator-angle variation was noted at high speed. 

(3) tJave-off, approach, and landing condition8 (figs. 19 to 21): 
The requirement8 of reference 1 were met in each of these three conditions. 
The curves of elevator force and angle against speed had a stable slope, 
the stick-free and stick-fixed neutral points being aft of the rearward 
center-of-gravity position tested. 

I 
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Longitudinal control.- (1) Longitudinal control jn accelerated flight: 
The longitudinal control in accelerated flight was measured by making 
accelerated turns both to the left and right at a constant airspeed and 
acceleration. The tests were made at the three center-of-gravity positions 
at speeds varying from 200 to 350 miles per hour at approximately 5,000 and 
25,000 feet altitude. Time histories of short records taken in typical 
accelerated turns are shown in figure 23. The Char@ in elevator force 
and angle obtained from these tests was plotted as a function of change 
in normal acceleration so that the force and angle per g could be determined. 
The elevator angle was also plotted as a function of airplane normal-force 
coefficient in order to obtain the stick-fixed maneuver points. The stick- 
free and stic&fixed maneuver points were determined by measuring the 
average values of the slopes oe/dg and dGe/dCpj and plotting these 
values as a function of -the center-of-gravity position. The center-of- 
gravity positions at which these slopes became zero were the stick-free 
and stick-fixed neutral points, respectively. These data are given in 
figures 24 to.33. A graph of the center-of-gravity range as a function 
of altitude in which desirable values of stick force per g are obtained 
at 300 miles per hour is shown in figure 34. 

The force per g with the center-of-gravity position at or forward 
of 27 percent of the mean aerodynamic chord above 250 miles per hour was 
in excess of the required lim1.t of 8 pounds per g specjfied in the require- 
ments of reference 2. Increasjng the altitude from 5,000 to 25,000 feet 
slightly decreased these forces. At the two lower speeds tested, 200 and 
250 miles per hour, the force-perg characteristics were within the required 
3 to 8 pounds ?er g limits specified in the requirements. The effect of 
altitude at these two speeds was to decrease the force per g approximately 
1 to 2 pounds. The elevator angle required to produce the acceleration 
was always in the right direction and of a desirable magnitude at all the 
center-of-gravity positions, speeds, and altitudes tested and the elevator 
was always powerful enough to produce the maximum lift coefficient. 

In general, the force-per--g characteristics of the airplane were 
acceptable. The variation of elevator force and angle was 1Jnear in all 
the conditions tested, but as was mentioned in the preceding paragraph, 
the forces experienced at the higher speeds were slightly greater than 
the required limits. The most forward stick-free maneuver point obtained 
was at 35 percent of the mean aerodynamic chord at 300 m:iles per hour and 
the higher test altitude.. The most forward stick-fixed maneuver point was 
found to be at approximately 24.4 percent of the mean aerodynemic chord 
at 350 miles per hour at high altitude, approximately 20,000 feet. The 
stability was greater, however, at all the lower speeds tested where the 
maneuver point is at approximately 27 percent of the mean aerodynamic 
chord at this altitude. 

(2) Longitudinal control In landing and take-off: The airplane met 
the requirements of reference 1 in both landing and take-off. GIlth the 

* 
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center-of-gravity position in the most forward position it was possible 
to hold the airplane off the ground at approximately 100 m iles per hour 
with the airplane trimmed at 120 m iles per hour. The elevator force 
required in this procedure did not exceed the 35-pound lim it. It was 
also possible during take-off to maintain any attitude up to thrust 
axis level at approximately 50 m ilea per hour. These two results were 
determined from pilot's observations. The pilot considered the landing 
and take-off characteristics of the airplane acceptable, except that 
with engine idling the glide -path was steep in the landing condit ion and 
the rate of descent very high. 

(3) Trimming characteristics: It was possible to trim  the airplane 
by use of the elevator tabs in all the condit ions required according to 
reference 2. The longitudinal trim  changes with power, flaps, and gear 
change are shown in table II. The elevator and aileron-trim-force changes 
were no more than 7 pounds, but the pilot objected to the nose-up trim  
change due to flap deflection. The rudder-trim-force change was high 
with change in power. The rudder-trim-force change with change in power, 
power-off to normal rated power, with the airplane trimmed at 135 m iles 
per hour was approximately 93 pounds. 

(4) Pitching moment  due to sideslip: The pitching moment  due to 
sideslip in this airplane was not excessive and was considered satisfac- 
tory. The variation of elevator force with sidesllp angle in the power- 
on clean and power-off clean condit ion is shown in figure 35 for both 
the original end production configurations. The veriation of elevator 
angle with sideslip angle is not shown since complete data were not obtained 
for all the conditions. The elevator-angle variation with sideslip was 
found to be small and essentially the same, however, with both tail 
configurations. The differences in the two tails were not of a  type 
which would be expected to affect the elevator-angle variation with side- 
slip. 

From the data presented in figure 35, it can be seen that the 
variation of elevator force with sideslip at 300 m iles per hour was 
different for the two configurations. The original tail showed very 
little force variation with sideslip over the range of sideslip angles 
measured; whereas the production tail required pull forces as the side- 
slip was increased to the left or right. W h ile this force variation was 
not considered objectionable on the F-51H airplane, this emount  of force 
variation has been considered undesirable on airplanes with a  smsller 
amount  of longitudinal stability because it resulted in appreciable 
changes in normal acceleration when the rudder was deflected. The 
increased force variation with the trailing-edge extension on the 
elevator probably results from the more negative values of 

%L  
and C 

h6 
of the modif ied elevator. It was not thought previously, however, that 
this type of modification would have a pronounced effect on the elevator- 
force variation with sideslip. 
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Similar effects, though smaller in magnitude, are shown at 
150 miles per hour in the power-on clean condition. There is very 
little difference between the two tails in the power-off clean condition 
at 150 miles per hour. 

Stalling Characteristics 

In the power-on clean condition (figs. 36 and 37) stall warning 
was afforded by buffeting approximately 5 miles per hour above the stall 
accompanied by mild pitching and rolling in either direction. A pitching 
and rolling oscillation developed near the stall, the airplane finally 
rolling slowly off. The lateral oscillation which occurred at the stall 
could be controlled with moderate difficulty. The stalling characteristics 
were considered statisfactory. 

Stall warning was supplied by buffeting about 5 miles per hour above 
the stall in the power-off clean condition (figs. 38 and 39) which increesed 
as the stall was approached. At the stall, mild pitching and roll to the 
right occurred after which the airplane either spiraled off or developed 
a mild pitching and rolling oscillation. The airplane could be easily 
controlled both laterslly and directionally beyond the stall by normal 
use of the controls even to full-up elevator, end recovery from the stall 
was normal and prompt. The stalling characteristics were considered very 
satisfactory. 

The stall in the wave-off condition (figs. 40 and 41) was preceded 
by mild buffeting about 5 miles per hour above the stall. During the 
stall approach the airplane became extremely left wing heavy end required 
considerable right rudder. At the stall a rather abrupt left roll occurred 
which checked itself at about 300 bank as the nose dropped. The airplane 
could not be satisfactorily controlled laterally during the stall. At the 
aft center-of-gravity position with the airplane trimmed at 135 miles per 
hour the stick force reversed and became slightly negative about 7 miles 
per hour above the stall; The atelling characteristics were considered 
acceptable. 

In the approach condition (fig. 42) mild buffeting preceded the stall 
by about 5 miles per hour. Before the stall there was noticeable left ' 
wing heaviness and after the stall was reached the airplane rolled moder- 
ately to the left to about 30° bank, checked itself and rolled again. The 
airplane could be controlled laterally by t‘he ailerons but there was a 
delay between application of control and recovery response. The stalling 
characteristics were satisfactory. 

In the landing condition (figs. 43 and 44) stall warning was afforded 
by buffeting about 2 or 3 miles per hour above the stall. At the stall 
the nose of the airplane dropped with a mild right roll which resulted in 
pitching the airplane out of the stall. After this recovery the airplane 
sometimes spiraled but more often oscillated in roll and pitch, the pitching 
oscillations increasing, resulting in subsequent stalls being made under 

_-._ I ._--.-_ - -. _. . -- ” _ _ ._ __ _ _ ._. z _-----. 
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increasing acceleration. Recovery from the stall was normal. The airplane 
could be controlled both laterally and directionally beyond the stall with 
a little difficulty, even with full-up elevator. If the stall was prolonged, 
the airplane would roll off sharply. The stalling characteristics were 
satisfactory. 

The stell in accelerated turns (fig. 45) was preceded by ample 
buffet warning and, if the stick was continued back, the buffeting became 
very heavy. The stall was accompanied by a slight lateral instability 
which could be easily controlled. At the aft center-of-gravity position 
tested, there was a noticeable control force lightening in both left and 
right turns. The stalling characteristics were satisfactory. 

CONCLUSIONS 

1. The short-period longitudinal oscillations of the airplane were 
stable in all the conditions and speeds tested. The longitudinal oscil- 
lations always damped in 1 cycle or less and there was no oscillation 
of the elevator itself. No short-period-oscillation tests were made at 
Mach numbers above 0.6, however. 

2. The airplane had satisfactory stick-free and stick-fixed static 
longitudinal stability in all the conditions tested and met the handling-' 
qualities requirements at altitudes up to approximately 25,000 feet. 
Compressibility effects indicated by decreased,push forces were apparent 
at high Mach numbers in the power-on clean condition. 

3. !Jhe longitudinal control in accelerated flight was in general 
satisfactory. However, the force per g with the center-of-gravity 
position at or forward of ?7 percent of the mean aerodynamic chord 
above 250 miles per hour was in excess of the required limits. Increasing 
the altitude from 5,000 to 25,000 feet slightly decreased these forces. 
The most forward stick-free maneuver point was 35 percent of the mean 
aerodynamic chord and the most forward stick-fixed maneuver point was 
approximately 27 percent of the mean aerodynaml.c chord except at high 
speed and high altitude where the maneuver point moved forward to 
approximately 24 percent of the mean aerodynamic chord. 

4. The characteristics of the airplane during take-off and landing 
. were satisfactory. 

5. It was possible to trim the airplane longitudinally by use of 
the elevator tabs at all the speeds and in all the conditions required. 

6. The trimming characteristics with change in power and flaps and 
landing-gear position were satisfactory except that the rudder-trir+ 
force change due to power was excessive. 

7. The pitching moment due to sideslip was considered satisfactory. 
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8. The airplane had satisfactory stalling characterlstlcs in all the 
conditions tested. There was ample stall warning in the form of buffeting 
and recovery was always normal and prompt. 
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TABLE I 

PEHTINXNT AIRPLANE DIMENSIONS 

Engine ....................... Merlin V-1650-9 

Propeller (4 blades) ........ Aeroproducts Model  H-20-156-23M5 

W ing area, sq ft ....................... 235.73 

W ing spsn,ft .......................... 37.03 

Aspect ratio .......................... 5.82 

W ing-flap area (two), sq ft .................... 31.53 

Aileron area (one), sq ft .................... 6.35 

Total horizontal-tail area, sq ft ................ 48.35 

Elevator area (one), sq ft ................... 6.43 

Original vertical-tail area, sq ft ............... 23.40 

Original ruddek area, sq ft ................... 10.24 

Production vertical-tail area, sq ft .............. 24.76 

Production rudder area, sq ft . . . . . . . . . . . . . . . . . . 9.77 

Dorsal-fin area, sq ft . . . . . . . . . . . . . . . . . . . . . 1.93 
- ; 
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TABIS II 

LONGITUDINAL TRIM CHANGES DUE TO FLAPS AND POWER 

I: Center of gravity at 21.9 percent M .A.C. I 

151 normal rated power 
153 -,2,--- do ------s-m 
151 ---------do--------- 
151 Off 
135 normal rated power 136 5 

Off 
--w------ do----,---- 
------s-- do-,------- 

149 -----,--do--------- 
135 ‘---------do--------- 
135 bNormal rated power 
136 --------do--------- 
135 --------do--------- 
133 ---------do--------- 
115 ---------do--------- 
115 -------do -s---s--- 

Flaps Gear 

UP UP 
-de Down 
Down -do- 
-do- -do- 
-do- -do- 
-do- -do- 

UP UP 
-do- Down 
Down -do- 
-do- -do- 
-do- -do- 
'dc- -do- 
-do- Up 

UP -dc- 
- do- Down 
-do- Up 

a1 F  normal rated power - 23 in. Rg at 2700 rpm. 

bNormal rated power - 46 in. ~g at 2700 rpm. 

Control force 
(1%) 

Elevator 

3.o.;u11 
4.2 push 
1.3 push 

0 
0  

3.0 poull 
0.5 push 

0 
2.7 push 

0 
0.5 push 
1.0 Fl.dl 

0  
0  

Rudder 
0  

1  left 
2  right 

25 left 

35 Yeft 

4  &ht 
2  right 

93 :ight 
0  
0  

20 right 
0  

11 left 

f 

Aileron 
0  

0.5 right 
1.0 right 
1.0 right 

0  
0  
0. 
0  

1.0 left 
0  

0.5 right 
0  
0  

1.5 left 
0  
0  

0  
0.3 right 
0.5 right 
2.0 right 

0  
l.‘j'.right 

0  
0.9 right 
0.6 right 

0  
1.3 left 

0  
0  

1.8 left 
0  

0.2 left 

c  
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FIGURE IFGENDS 

Figure l.- Three-view drawing of the P-5lH airplane with the 
production tail. 

Figure 2.- Side view of North American I?-51H airplane. 

Figure 3.- Front view of North American P+LLH airplane. 

Figure 4.- Three-quarter rear view of North American P-5lH airplane. 

Figure 5.- Three-quarter front view of North American P-5lH a'irplane. 

Figure 6 .-Vtiiation of rudder angle with rudder pedal position, 
P-5lH airplane. 

Figure 7.- Variation of elevator angle with stick position, 
P-5lH airplane. 

Figure 8 .-Variation of aileron angle with stick position, 
, P-5lH airplane. 

Figure 9.- Variation of the friction force in the control systems with 
elevator, aileron, and rudder angle as measured on the ground in 
the no-load condition, P-5lH airplane. 

Figure lO.- The variation of stretch in the control systems with 
rudder, elevator, and aileron angle as measured on the ground, 
P-5lH airplane. 

Figure ll.- Time history of a short-period oscillation in th% power- 
on clean condition*started by an abrupt deflection and release of 
the elevator. Low altitude, c.g. at 21.15 percent M.A.C., 
P-5lH ‘airplane. 

Figure 12.- Time history of a short-period oscillation in the power- 
off clean condition started by en abrupt deflection and release of 
the elevator. Low altitude, c.g. at 21.45 percent M.A.C., 
P-5lH airplane. 

Figure 13.- Time history of a short-period oscillation started from an 
abrupt deflection and release of the elevator. High altitude, 
c.g. = 22.77 percent M.A.C., P75lH airplane. 

Figure 14.- Time history of a short-period oscillation in the landing 
condition started by an abrupt deflection and release of the 
elevator. c.g. = 23.60 percent M.A.C., P-5lH airplane. 

Figure 15.- Static longitudinal stability characteristics in the power-on 
clean condition at approximately 7000 feet altitude, P-5lH airplane. 
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FIGURE LEGENDS - Continued 

Figure 16.- Static longitudinal stability characteristics in the power-on 
clean condition at approximately 24,000 feet altitude, P-5lH airplane. 

Figure 17.- Static longitudinal stability characteristics in the power- 
off clean condition at approximately 7000 feet altitude, 
P-5-D airplane. 

Figure 18.- Static longitudinal stability characteristics in the power- 
off clean condition at approximately 22,000 feet altitude, 
P-5lH airplane. 

Figure lg.- Static longitudinal stability characteristics in the wave- 
off condition at approximately 5000 feet altitude, P-5lH airplane. 

Figure 20.- Static longitudinal stability characterti&ics in the approach 
condition at approxi'wltely 5000 feet altitude, P-5l.B airplane. 

Figure 21.- Static longitudinal stability characteristics in the landing 
condition at approximately 5000 feet altitude, P-5lB airplane. 

I 
Figure 22.- Determination of the stick-free and stick-fixed neutral points. 

(a) Variation of elevator angle and Fe/q with normal-force 
coefficient for the power-on clean, poweMff clean, and landing 
conditions at low altitude. 

Figure 22r- Continued. 

(b) Variation of elevator angle and .Fe/q with normal-force 
coefficient for the Frave-off and approach conditions. 

Figure 22.- Continued. 

d6e (c) Variation of - 
dCN 

and dFe/q - with center-of-gravity position 
dCN 

in the power-on clean and power-off clean conditions. 

Figure 22.- Continued. 

(d) Variation of d6, 
dCN 

and dF,/q 
dCN 

with center-of-gravity position 

in the wave-off end approach conditions. 

Figure 22.- Concluded. 

d6e (e) Variation of - 
dCN 

ad aF, 
dCN 

with center-f-gravity position 

In the lauding condition. 
I 
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FIGURE LEGENDS - Continued 

Figure 23.- Time histories of accelerated turns in the powz-on clean 
condition at approximately 5000 feet altitude. Center-ofwavity 
position at 23.4,percent M.A.C., P-5lH airplane. 

Figure 24.- Variation of the change in elevator force and angle with 
change in normal acceleration at various speeds in turns made in 
the power-on clean condition at the forward center-of-cavity position, 
P-5lH airplane. 

Fi@;ure 25.- Variation of the change in elevator force and angle with 
change in normal acceleration at various speeds in turns made in 
the power-on clean condition at the middle center-of--gravity position, 
P-5lH airplane. 

Figure 26.- Variation of the change in elevator force and angle lrith 
change in normal acceleration at 200 and 300 miles per hour in turns 
made in the power-on clean condition at the aft center-of-gravity 
position, P-51H airplane. 

Figure 27.- Variation of the change in elevator force and angle with 
change in normal acceleration in turns at various speeds made in 
the power-on clean condition at high altitude at the forward 
center-of-gravity position, P-5lH airplane. 

Figure 28.- Variation of the change in elevator force and angle lerith 
change in normal acceleration in turns at various speeds made in the 
power-on clean condition at high altitude at the middle center-of- 
gravity position, P-51H airplane. 

Figure 29.- Variation of the elevator angle with normal-force coefficient 
in turns at various speeds in the power-on clean condition, 
P-5lH airplane. 

(a) Forward center-of--gravity position at low altitude. 

Figure 29.- Continued. 

(b) Middle center-of-gravity position at low altitude. 

Figure 29.- Continued. 

(c) Aft center-ofwavity position at low altitude. 

Figure 29.- Continued. 

(d) Forward center-of-gravity position at high altitude. 
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FIGURE LEGENDS - Continued 
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Figure 29.- Concluded. . 

(e) Middle center-ofwavity position at high altitude. 

Figure 30.- Determination of the stick-free maneuver points at low 
altitude, P+XH airplane. 

Figure 31.- Determination of the stick-free maneuver points at high 
altitude, P-5lE airplane. 

Figure 32.- Determination of the stick-fixed neutral points at low 
altitude, P-5lH airplane. 

Figure 33.- Determination of the stick-fixed neutral points at high 
altitude, P-5l.H airplane. + 3 

Figure 34.- A graph of the center-of-gravity range as a function of 
altitude in which desirable values of stick force per g are obtained 
in turns at 300 miles per hour (average of left and rig&t turns), 
P-5lH airplane. 

Figure 35.- The variation of elevator force with sideslip angle as 
measured in steady sideslips at various speeds in the power-on 
clean and power-off clean conditions at approximately 22,000 feet 
altitude, P-5lH airplane. 

Figure 36.- Time history of a stall approach in the power-en clean 
condition in which only the elevator was used beyond the stall. 
Center of gravity at 23.6 percent M.A.C. at approximately 
5000 feet altitude, P-5lH airplane. 

Figure 37.- Time history of a stall approach in the pcwer-on clean 
condition in which all the controls were used in attempt to control 
the airplane after the stall was reached. Center of gravity at 
23.6 percent M.A.C. at approximately 5000 feet altitude, P-5lH airplane. 

Figure 38.- Time history of a stall approach in the power-off clean 
condition in which only the elevator was used beyond the stall. 
Center-of-gravity position at 22.7 percent M.A.C. at approximately 
5000 feet altitude, P-5lH airplane. 

Figure 39.- Time history of a stall approach in the power-off clean 
condition in which all the controls were used in an attempt to 
control the airplane after the stall was reached. Center-of gravity 
position at 22.7 percent M,A.C. at approximately 5000 feet altitude, 
P-5lH airplane. 
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FIGURE LZGENDS - Concluded ' 

Figure 40.- Time history of a stall approach in the wave-off con- 
dition in which only the elevator was used beyond the stall. 
Center-ofwavity position at 23.4 percent M.A.C. at approximately 
5000 feet altitude, P-5lH airplane. 

Figure 41.- Time history of a stall approach in the wave-off condition 
in which all the controls were used in an attempt to control the 
airplane after the stall was reached.' Center-of-avity position 
at 23.4 percent M.A.C. at approximately 5000 feet altitude, 
P-5lH airplane. 

Figure 42.- Time histories of stall approaches in the approach condition. 
Center-of-gravity position at 23.1 percent M.A.C. at approximately 
5000 feet altitude, P+ZI airplane. 

Figure 43.- Time history of a stall approach in the landing condition 
in which only the elevator was used beyond the stall. Center-of- 
gravity position at 21.9 percent M.A.C. at approximately 5000 feet 
altitude, P-5lH airplane. 

Figure 44.- Time history of a stall approach in the landing condition 
in which all the controls were used in attempt to control the 
airplane after the stall was reached. Center-of--gravity position 
at 21.9 percent M.A.C. at approximately 5000 feet altitude, 
P-51H airplane. 

Figure 45.- Time history of an accelerated stall approach in the - 
power-on clean condition in a left turn. Center of gravity at - 
30 percent M.A.C. at approximately 6500 feet altitude, 
P-5lH airplane. 
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Figure 1. - Three-view drawing of the P-51H airplane with the 
production tail. 
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Figure 2. -  Side v iew of North American P-51H airplane. 
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Front view of North American P-51H airplane. 
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Figure 4.- Three-quarter rear view of North American P-51H airplane. 
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Figure 5.- Three-quarter front view of North American P-51H airplane. 
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Figure 6.- Variation of rudder angle with rudder pedal position, 
P-51H airplane. 
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Figure 7.- Variation of elevator angle with stick position, 
P-51H airplane. 
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Figure 8.- Variation of aileron angle with stick position, 
P-51H airplane. 
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Figure 9. - Variation of the friction force in the control systems with 
elevator, aileron, and rudder angle as measured on the ground in 
the no-load condition, P-51H airplane. 

= _,.___-.. _ ,. .- _^ .- _,- I~-. -.. .~ _ ^- ____- _.- .- . . - 

,  

,  

^---- _ 



. ..* 
: : 

. . . . 
. 

. . . ..m 
. . 

. . 
. 4 
. . : 

. . . . 

j . . . . . . 
. . 

NACA l=W No. SL8824 

.:.. 

..*: 

” 
0 . : 
. l . 

. . 

I I I i I, -1 J++-j- [ 1 ; I- ,[ 1 1 1 1 f 1 1 1. 1 1 1. f. 1 

1 t : ! :! -.;;’ : ~.. .; 
t 

t 
f ’ t ,I 7. ,t +::i 4 --+--1.3 ., - _I - _, ‘., y-- ,.--7 -- -- -- 

-. - _’ _. - -i ., -: 
t .- 1. I. h=--.t .t- t t _. . _ - 1 

L -4  _’ -I --I 
y-g-p,/. ,& I --:yt;, f -- 1 

1, .I .j I 

,i -I-[ ifT i - ~* - 
I . I .._.,I 

Figure 10. - The variation of stretch in the control systems with 
rudder, elevator, and aileron angle as measured on the ground, 
P-5lH airplane. 
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Figure ll.- Time history of a short-period oscillation in the power- 
on clean condition started by an abrupt deflection and release of 
the elevator. Low altitude, c.g. at 21.15 percent M.A.C., 
P-51H airplane. 
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Figure 12. - Time history of a short-period oscillation in the power- 
off clean condition started by an abrupt deflection and release of 
the elevator. Low altitude, c.g. at 21.45 percent M.A.C., 
P-51H airplane. 
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(4 Power -off clean condition, (b) Power-on clean condition, 
c.g. = 22.77. c.g. = 22.77. 

Figure 13. - Time history of a short-period oscillation started fro4 an 
abrupt deflection and release of the elevator. High altitude, 
c.g. = 22.77 percent M.A.C., P-51H airplane. 
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Figure l4.- Time history of a short-period oscillation in the landing 
condition started by an abrupt deflection and release of the 
elevat6r. c.g. = 23.60 percent M.A.C., P-51H airplane. 
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F igure 15. - Static longitudinal stability characteristics in the power-on 
clean condition at approximately 7000 feet altitude, P-51H airplane. 
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Figure* 16. - Static longitudinal stability characteristics in the power -on 
clean condition at approximately 24,000 feet altitude, P-51H airplane. 
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Figure 17. - Static longitudinal stability characteristics in the power- 
off clean condition at approximately 7000 feet altitude, 
P-51H airplane. 
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F igure 18. - Static longitudinal stability characteristics in the power- 
off clean condition at approximately 22,000 feet altitude, 
P-51H airplane. . 

- - .  .  .-~x-. -” ._.- . ,  _  __ ,  - --___.. _  .  .  _.~ _ ._.- -- -_- 



. . . . 
. . 

: . . 
. . 

. . . . . . 
. . 

l . 
. . 
. . : 

. . . . 

!.....: 

1. l 

.:.. 
. . . . 

. . . . : . . . . . 

NACA RM No. SL8B24 

Figure 19. - Static longitudinal stability characteristics in the wave- 
off condition at approximately 5000 feet altitude, P-51H airplane. 
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Figure 20. - Static longitudinal stability characteristics in the approach 
condition at approximately 5000 feet altitude, P-51H airplane. 
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Figure 21. - Static longitudinal stability characteristics in the landing 
condition at approximately 5000 feet altitude, P-51H airplane. 
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(a) Variation of elevator angle and Fe/q with normal-force coefficient for the power-on 
clean, power-off clean, and landing conditions at low altitude. 

Figure 22. - Determination of the stick-free and stick-fixed neutral points. 
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(b) Variation of elevator angle and Fe/q with normal-force coefficient for the wave-off 
and approach conditions. 

F igure 22. - Continued, 
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(c) Variation of d6e 
qy 

m d dFe/q 
dCN 

with center-of -gravity 

position in the power-on clean and power-off clean 
conditions. 

Figure 22. - Continued. 
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(d) Variation of d6e dFe /q 
q 

and 
dcN 

with center-of -gravity 

position in the wave-off and approach conditions. 

Figure 22. - Continued. . 
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Figure 22. - Concluded. 
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Figure 23. - Time histories of accelerated turns in the power-on 
clean condition at approximately 5000 feet altitude. Center-of- 
gravity position at 23.4 percent M.A.C., P-51H airplane. 
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Figure 24. - Variation of the change in elevator force and angle 
with change in normal acceleration at various speeds in turns 
made in the power-on clean condition at the forward center- 
of -gravity position, P-51H airplane. 
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Figure 25. - Variation of the change in elevator force and angle 
with change in normal acceleration at various speeds in turns 
made in the power -on clean condition at the middle center-of - 
gravity position, P-51H airplane. 
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Figure 26. - Variation of the change in elevator force and angle 
with change in normal acceleration at 200 and 300 miles per 
hour in turns made in the power-on clean conditiqn at the 
aft center-of-gravity position, P-51H airplane. 
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Figure 27.- Variation of the change in elevator force and angle with 
change in normal acceleration in turns at various speeds made 
in the power-on clean condition at high altitude at the forward 
center-of -gravity position, P-51H airplane. 
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Figure 28. - Variation of the change in elevator force and angle with 
change in normal acceleration in turns at various speeds made in 
the power-on clean condition at high altitude at the middle center- 
of -gravity position, P-51H airplane. 
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(a) Forward center-of-gravity position at low altitude. 

Figure 29. - Variation of the eievator angle with normal-force 
coefficient in turns at various speeds in the power-on clean 
condition, P-51H airplane. 
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(b) Middle center-of-gravity position at low altitude. 

Figure 29. - Continued. 
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(c) Aft center-of-gravity position at low altitude. 

Figure 29. - Continued. 
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(d) Forward center-of-gravity position at high altitude. 

Figure 29. - Continued. 
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(e) Middle center-of -gravity position at high altitude. 

Figure 29. - Concluded. 
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Figure 30. - Determination of the stick-free maneuver points at low 
altitude, P-5lH airplane. 
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Figure 31. - Determination of the stick-free maneuver points at high 
altitude, P-51H airplane. 
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Figure 32. - Determination of the stick-fixed neutral points at low 
altitude, P-51H airplane. 
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Figure 33. - Determination of the stick-fixed neutral points at high 
altitude, P-51H airplane. 
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Figure 34.- A graph of the center-of-gravity range as a function of 
altitude in which desirable values of stick force per g are 
obtained in turns at 300 miles per hour (average of left and 
right turns), P-51H airplane. 
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Figure 35.- The variation of elevator force with sideslip angle as 
measured in steady sideslips at various speeds in the power-on 
clean and power-off clean conditions at approximately 22,000 feet 
altitude, P-51H airplane. 
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Figure 36. - Time history of a stall approach in the power-on clean 
condition in which only the elevator was used beyond the stall. 
Center of gravity at 23.6 percent M.A.C. at approximately 
5000 feet altitude, P-51H airplane., 
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Figure 37. - Time history of a stall approach in the power-on clean 
condition in which all the controls were used in attempt to control 
the airplane after the stall was reached. Center of gravity at 
23.6 percent M.A.C. at approximately 5000 feet altitude, 
P-51H airplane. 
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F igure 38.- T ime history of a stall approach in the power-off clean 
condition in which only the elevator was used beyond the stall. 
Center-of -gravity position at 22.7 percent M .A.C. at approximately 
5000 feet altitude, P-51H airplane. 
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Figure 39.- Time history of a stall approach in the power-off clean 
condition in which all the controls were used in an attempt to 
control the airplane after the stall was reached. Center-of-grav 
position at 22.7 percent M.A.C. at approximately 5000 feet 
altitude, P-51H airplane. 
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‘igure 40. - Time history of a stall approach in the wave-off con- 
dition in which only the elevator was used beyond the stall. 
Center -of -gravity position at 23.4 percent M.A.C. at approximately 
5000 feet altitude, P-51H airplane. 
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Figure 41.- Time history of a stall approach in the wave-off condition 
in which all the controls were used in an attempt to control the 
airplane after the stall was reached. Center-of-gravity position 
at 23.4 percent M.A.C. at approximately 5000 feet altitude, 
P-51H airplane. 
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(a) Only the elevator was 
used beyond the stall. 

(b) All the controls were used 
in an attempt to control the 
airplane after the stall was 
reached. 

Figure 42. - Time histories of stall approaches in th’e approach condition. _ 
Center -of -gravity position at 23.1 percent M.A.C. at approximately 
5000 feet altitude, P-51H airplane. 
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Figure 4 3. - Time history of a stall approach in the landing condition 
in which only the elevator was used beyond the stall. Center-of - 
gravity position at 21.9 percent M.A.C. at approximately 5000 feet 
altitude, P-51H airplane. 
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Figure 44. - Time history of a stall approach in the landing condition 
in which all the controls were used in attempt to control the 
airplane after the stall was reached. Center-of-gravity position 
at 21.9 percent M.A.C. at approximately 5000 feet altitude, 
P-51H airplane. 
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Figure 45.- Time history of an accelerated stall approach in the 
power-on clean condition in a left turn. Center of gravity at 
XI percent M.A.C. at approximately 6500 feet altitude, 
P-51H airplane. 
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